This paper consists of a lossy image compression algorithm dedicated to the medical images doing comparison of RGB and YCbCr color space. Several lossy/lossless transform coding techniques are used for medical image compression. Discrete Wavelet Transform (DWT) is one such widely used technique. After a preprocessing step (remove the mean and RGB to YCbCr transformation), the DWT is applied and followed by the bisection method including thresholding, the quantization, dequantization, the Inverse Discrete Wavelet Transform (IDWT), YCbCr to RGB transform of mean recovering. To obtain the best compression ratio (CR), the next step encoding algorithm is used for compressing the input medical image into three matrices and forward to DWT block a corresponding containing the maximum possible of run of zeros at its end. The last step decoding algorithm is used to decompress the image using IDWT that is applied to get three matrices of medical image.
Introduction
The basic objective of image compression is to reduce the size of image data for transmission or store in an efficient manner, while maintaining the suitable quality of reconstructed images [1] [2] [3] . The easy and reliable digital transmission and storage of biomedical images would be a tremendous boon to the medical practices. This can help in instant availability of earlier imaging studies when patients are re-admitted [4] [5] [6] . Both Medical and surgical teams indulging on patient care could have simultaneous access to imaging studies on monitors throughout the hospital. This long-term digital archiving or rapid transmission is prohibitive without the use of image compression to reduce the file sizes.
There are two basic types of image compression schemes:
The first lossless compression scheme encodes and decodes the data perfectly and the reconstructed image matches exactly with the original image, which means there is no loss of data with no degradation. In this scheme the coding techniques are Huffman encoding, entropy encoding, and run length ending.
The second lossy compression scheme is used for the sake of using a minimum storage space. In this scheme there is a trade-off between compression and image quality. In lossy compression, the final decompressed image must be visually lossless and consist of removing the redundant information in adjacent pixels to minimize the number of bits [7] [8] [9] .
In preprocessing step, many decorrelating transforms like YCbCr, YUV, YIQ [10] [11] [12] are used to reduce the correlation between the R, G and B plane. We can preferably use one of these color space transforms before the application of wavelet transform. In this paper we are considering the YCbCr transform to reduce the correlation between the R, G and B space [13] .
Block-based DWT [9, 14] Shown in Figure 1 , decomposes a broadband signal into two subbands with smaller bandwidths and slower sample rates. A series of HP and LP FIR filters are used to repeatedly divide the input frequency range. The input signals are in the form of frames having a frame size as multiple of 2 n , where n is the number of levels. Each unit consists of an LP and HP FIR filter pair. The halfband filters with a cutoff fre- The aim of this paper is to evaluate the performance of lossy medical image compression wavelet transforms followed by wavelet encoders experiments which were performed by using magnetic resonance images (MRI) as test images. The performances of the medical images were evaluated in terms of peak signal-to-noise ratio (PSNR), bit rate (bpp) and the compression ratio (CR). In the last step, decoding algorithm is used to decompress the image using IDWT which is applied to get three matrices of medical image.
Methodology
The block diagram of DWT based medical image compression/decompression model shown in Figure 2 . In this paper, the method is dedicated to lossy medical image compression DWT based and two phases of compression/decompression. The input to the system is a medical image and the output is the compressed one. The compression technique is built with several steps and each will be explained in details.
RGB to YCbCr Transformation
RGB is not very efficient when dealing with real-word images. All three RGB components need to be of equal bandwidth to generate any color within the RGB color cube. The result of this is a frame buffer that has the same pixel depth and display resolution for each RGB component. The processing an image with the RGB color space is usually not the most efficient method. To modify the intensity or color of a given pixel, the three RGB values must be read from the frame buffer, with the steps of intensity or color calculation, performing desired modifications, calculating new RGB values and at last returning back to the frame buffer. If the system had ac- cess to an image stored directly in the intensity and color format, some processing steps would be faster. For these and other reasons, many video standard uses luma and two color difference signals. The most common are the YUV, YIQ and YCbCr color spaces [10] [11] [12] .
In this paper the RGB to YCbCr transformation, the mean value of three plane images R, G and B are removed and the almost signal energy of the new transformed YCbCr image is contained in the Y plane. Consequently, we can achieve high compression ratio in the Cb and Cr without losses in quality of compressed image when returned to the original RGB space.
The 
A original MRI image shown in Figure 3 (a) and we define the RGB to YCbCr transformation for removing the mean values of R, G, and B plane. Figures 3(b)-(d) are the block displays which show an M-by-N matrix element values to specified range of RGB colors. Figures 3(e)-(g) are the block displays which specified range of YCbCr colors. It confirms that RGB to YCbCr transformation approach is necessary to get superier performance.
Block Based DWT Transform
For any color image, after the RGB to YCbCr transformation, each one of the new three planes YCbCr are partitioned to blocks and each block is transformed by DWT. The DWT blocks perform a single-level one-dimensional wavelet decomposition with respect to either a particular wavelet (Daubechies, Coiflets, Symlets, Discrete Meyer, Biorthogonal, Reverse Biorthogonal) [9, 14] or particular wavelet LP and HP decomposition filters.
As shown in Figure 4 the original signals are firstly decomposed into two subspaces, low-frequency subband and high frequency subband. It first scanned in a horizontal direction and passed through LP and HP decomposition filters producing low frequency as well as high-frequency data in the horizontal direction. Filtered output data are then scanned in a vertical direction and again these filters are applied separately to generate different frequency subbands. The transform generates subbands LL, LH, HL and HH each with one-fourth the size of the original image. Most of the energy is concentrated in low-frequency subband LL, whereas higher-frequency subbands LH, HL and HH contain detailed information of the image in vertical, horizontal and diagonal directions, respectively. For higher level decomposition, DWT can be applied again to the LL subband recursively in a similar way to further compact energy into fewer lowfrequency coefficients. The appropriate choice of filters for the transform is very important to achieve high coding efficiency.
Quantization and Transform Coding
A transform coder decomposes a signal in an orthogonal basis and quantizes the decomposition coefficients [15] . The distortion of the restored signal is minimized by optimizing the quantization, the basis, and the bit allocation. It is desirable to perform quantization by dividing the transformed coefficients by quantization value. For low frequency, coefficients are divided by smaller values while the high frequency coefficients are divided by larger values
In this paper, we code the data using transform coding scheme of following steps:
Source coding is to represent information in bits, with the natural aim of using a small number of bits. The "information" is denoted by a real column vector or a sequence of such vectors. A vector might be formed from pixel values in an image; K. N pixels can be arranged as a sequence of K vectors of length N. The vector length N is defined such that each vector in a sequence is encoded independently. 
measures.
Mean square error (MSE) is the some sort of average or sum of the squares of the error between two images. For M × N images u(m, n) and û(m, n), the least square error (LSE) is,
and average LSE is called the Mean square error (MSE),
where u(m, n) and û(m, n) are the original and reconstructed intensities belonging to R, G and B plane. The PSNR is defined in decibels (dB) as, 
The size of the compressed image is evaluated with the CR or Bit-rate per pixel (BPP), defined by Original image size in bits CR compressed image in bits 
The various steps during compression and decompression algorithms are summarized as follows:
Compression algorithm: 
Results
Various results got hold of and summarized after performing different experiment with YCbCr color space on standard medical MR images (Figure 6 ). The YCbCr transform applied in RGB color space and the respective reconstructed images are shown in Figure 7 . Different size images were tested on the different color images both in the RGB space and in the YCbCr color space. Table 1 shows the results demonstrating, the superiority of performance of the proposed technique when working in the YCbCr domain. From the Table, it observe that PSNR in YCbCr color space increased and the percentage of increased PSNR in Cb and Cr color space is high. Similarly it is observed that, bpp is high in YCbCr color space as compare to RGB color space.
Discussion
The major objective of image compression is to reduce the size of the image data for transmission or to obtain the best visual quality with minimum bit utilization. The parameters PSNR and bpp are generally used for assessing the quality of the reconstructed image. Earlier studies [1] [2] [3] [4] [5] [6] [7] [8] 13, 14] discussed the image compression and [4] [5] [6] addressed the compression of images. The results were obtained in the present study, using the preprocessing step followed by the bisection method including thresholding, the quantization, dequantization and the IDWT were compared with the 3-D transforms, such as discrete Hartley transform (DHT), discrete cosine transform (DCT) and discrete Fourier transform (DFT) [6] . From Table 1 high bit rate result improved the quality of the reconstructed image. The performance of the MRI compression using algorithm yielded better results than other transforms. It can be concluded that YCbCr color space was found to be better PSNR than the RGB color space. The user can improve the bit rate and CR depending on his reconstructed image quality requirements.
